The development of printing technologies has enabled the realization of electric circuit 13 fabrication on flexible substrate. However, the current technique remains restricted to single-layer 14 patterning. In this paper, we demonstrate a fully solution-processable patterning approach for 
Introduction
an interconnection method by dry etching [23, 24] , which is slow, expensive, and harmful to the 40 environment. Another approach is to use a drilling mechanism that employs a hole opener [26] . This 41 method consumes a small amount of energy and enables interconnection in a short time.
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In this study, we developed a fully solution-processable fabrication process for the multi-layer 47 circuit on flexible substrate using a combined method of selective laser sintering (SLS) and ablation
48
(SLA). SLS with double irradiation enables low-temperature metal patterning without damaging the 49 heat-sensitive substrate [27] . The double irradiation method uses a higher laser power than the 50 single irradiation method to fabricate electrodes with high conductivity on heat-sensitive substrates.
51
In addition, we introduced femtosecond laser-based SLA through a polyvinylphenol (PVP) insulator 
101
To fabricate the multi-layer circuit, conductive patterns and the interconnection between layers 102 must be achieved on the heat-sensitive substrate without thermal damage. 
121
In the SS step, a low (less than 20 mW) laser power successfully sintered the surface layer, 
139
To verify the patterns condition when irradiating with various laser powers, we measured the 140 conductivity for the three process conditions: single laser irradiation, double irradiation with 141 pre-sintering at a laser power of 10, and the latter approach at a laser power of 20 mW. The laser 142 power was adjusted from 60 mW to 250 mW because the pattern fabricated with less than 40 mW 143 was partially detached during the cleaning process. We attempted an experiment on PI substrate
144
( Figure S3(a) ) and PVP insulating layer ( Figure S3(b) ), respectively. The graphs of laser-power 145 versus conductivity show that the measured conductivity increased as the laser power increased.
146
The trend of increasing conductivity with laser power is readily elucidated by various sintering conductivity, but it has been confirmed that substrate is damaged by 50 % probability. We selected 151 a laser power that did not damage on the substrate even after 100 repetition test.
152
Consequentially, we fabricated the pattern with a conductivity of 6.21 × 10 5 S/cm and an rms 153 roughness of 7.09 ± 0.5 nm on PI without damage using the double irradiation method with SS at a 
158
The multi-layer circuit manufacturing includes not only fabrication of conductive patterns on a 159 heat-sensitive substrate, but also an interconnection between layers. Thus, selective laser ablation 160 using femtosecond laser was performed to make microscale via-hole (named "microvia") through 
213
Finally, we try to manufacture a functional device using the multi-layer patterning process to 214 verify that this process is applicable to flexible applications. As shown in Figure 5 
232
with two and three layers was fabricated using this process.
233
This research provides several guidelines for the study of the laser sintering method on 
